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BACKGROUND {#ams2555-sec-0004}
==========

Although hypernatremia usually results from hypovolemia, underlying diseases, and iatrogenic results, previous studies have also reported several cases of salt poisoning.[^1^](#ams2555-bib-0001){ref-type="ref"}, [^2^](#ams2555-bib-0002){ref-type="ref"}, [^3^](#ams2555-bib-0003){ref-type="ref"}, [^4^](#ams2555-bib-0004){ref-type="ref"}, [^5^](#ams2555-bib-0005){ref-type="ref"}, [^6^](#ams2555-bib-0006){ref-type="ref"}, [^7^](#ams2555-bib-0007){ref-type="ref"}, [^8^](#ams2555-bib-0008){ref-type="ref"}, [^9^](#ams2555-bib-0009){ref-type="ref"} Nevertheless, standard care procedures for salt poisoning have not yet been established due to a limited number of such cases. Aggressive therapy has been attempted in several cases in order to prevent mortality; however, more studies on salt poisoning are necessary. To fill gaps in knowledge and further elucidate treatment options for salt poisoning, we report a case of fatal acute hypernatremia due to massive ingestion of seasoning soy sauce.

CASE REPORT {#ams2555-sec-0005}
===========

A 40‐year‐old woman, previously diagnosed with schizophrenia, presented to our emergency department (ED) with convulsions. Four hours prior to presenting to the ED, she was found with clouding of consciousness. She began convulsing 1.5 h prior to presenting to the ED; the last time she was noted to be in good health was a few hours before her first episode of convulsions. After presenting to the ED, the patient's tonic‐clonic convulsions continued. Respiratory support with a bag valve mask was necessary as primary treatment. Tachycardia exceeding 170 b.p.m. was confirmed, while the patient's pulse was fully palpable. Her body temperature exceeded 40.5°C and her consciousness level was evaluated as comatose per the Glasgow Coma Scale, with E1V1M4. Convulsions were stopped with midazolam; however, the patient remained unconscious and was immediately intubated at the ED.

Laboratory findings revealed remarkable hypernatremia with a serum sodium concentration of 183 mEq/L and serum osmolality of 363 mOsm. We did not find another cause for the patient's convulsions and unconsciousness. The patient's family mentioned that she might have ingested 500 mL of triple strength Japanese seasoning soy sauce containing 2,393 mEq/L NaCl.

In the first hour, 1,600 mL Ringer's lactate solution was given to control the serum sodium level; the patient's serum sodium concentration decreased to 174 mEq/L. In the next 4 h, we administered 600--800 mL/h of 5% dextrose to correct the serum sodium level more rapidly without additional NaCl. Five hours after admission, the patient's serum sodium concentration decreased to 167 mEq/L. We then adjusted the rate of sodium correction to 0.5--1 mEq/L/h following previously established recommendations.[^10^](#ams2555-bib-0010){ref-type="ref"}

On admission, the initial brain computed tomography (CT) showed brain shrinkage; the following brain CT, which was carried out on the third day, showed diffuse cerebral edema with widespread low‐density areas (Fig. [1](#ams2555-fig-0001){ref-type="fig"}). On the fourth day, the patient's electroencephalogram was flat and brainstem reflexes had disappeared; thus, we diagnosed brain death. On the eighth day, the patient died due to dysfunction of the entire brain.

![Brain computed tomography in a 40‐year‐old woman on day 1 and day 3 of hypernatremia. Left panel: day 1, brain shrinkage is clearly visible. Right panel: day 3, brain edema and low‐density areas in the frontal lesion have appeared.](AMS2-7-e555-g001){#ams2555-fig-0001}

DISCUSSION {#ams2555-sec-0006}
==========

The lethal dose of salt has been estimated to be \<25 g, with serum sodium levels between 175 and 225 mEq/L.[^1^](#ams2555-bib-0001){ref-type="ref"}, [^11^](#ams2555-bib-0011){ref-type="ref"} Due to the high risk of osmotic demyelination syndrome, recommendations have been made for the rate at which serum sodium concentration should be corrected. The recommendations from one study stated that serum sodium levels should be reduced by 1.0 mEq/L/h in patients who develop hypernatremia over a period of hours, whereas in the case of patients with hypernatremia that developed over a longer period, the maximum recommended rate for reducing the serum sodium concentration should be 0.5 mEq/L/h.[^10^](#ams2555-bib-0010){ref-type="ref"} Nine patients are reported to have survived salt intoxication, of which four were treated with the second (slow rate) recommendation (Table [1](#ams2555-tbl-0001){ref-type="table"}). Aggressive therapies are needed to succeed where the serum sodium concentrations were corrected rapidly in the early phase of hypernatremia.[^3^](#ams2555-bib-0003){ref-type="ref"}, [^5^](#ams2555-bib-0005){ref-type="ref"} In one report, serum sodium concentration was reduced from 196 mEq/L by rapidly infusing 5% dextrose in water over a period of 30 min.[^3^](#ams2555-bib-0003){ref-type="ref"} In another report, the serum sodium concentration was reduced by 30 mEq/L within 2 h using hemodialysis.[^5^](#ams2555-bib-0005){ref-type="ref"} In both reports, the patients presented to the ED in the early phase of hypernatremia. The results from these studies indicated that a rapid reduction in the serum sodium concentration could be effective for some patients; nonetheless, the indication is unclear.

###### 

Cases that recovered from salt poisoning

  Age (years)   Sex       NaCl ingestion (g)                            Peak serum Na^+^ concentration (mEq/L)   Correction rate                Duration prior to ED arrival from digestion (h)   Reference no.
  ------------- --------- --------------------------------------------- ---------------------------------------- ------------------------------ ------------------------------------------------- -----------------
  39            F         60                                            176                                      Slow                           0.3                                               7
  20            F         150                                           174                                      Slow                           3                                                 2
  73            M         Unknown                                       188                                      Slow                           12                                                4
  85            F         60--70                                        193                                      Slow                           Unknown                                           6
  55            F         104[^†^](#ams2555-note-0004){ref-type="fn"}   161                                      Unknown                        0                                                 8
  32            Unknown   121[^†^](#ams2555-note-0004){ref-type="fn"}   150                                      Unknown                        0                                                 8
  19            M         173                                           196                                      37 mEq/0.5 h                   2                                                 3
  65            F         207                                           176                                      30 mEq/2 h with hemodialysis   3                                                 5
  54            F         Unknown                                       185                                      3 mEq/h                        21                                                9
  40            F         70                                            183                                      16 mEq/5 h                     \>4                                               Our case (dead)

A total of nine cases of hypernatremia resulting from massive salt ingestion have been reported: four of them were treated using a slow sodium reduction rate, and two of them were treated with more aggressive therapy using a more rapid sodium correction rate. The duration of hypernatremia in the latter two cases was short prior to their arrival in the emergency department (ED).

F, female; M, male.

Vomited just after ingestion.
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When hypernatremia occurs, the brain cells lose intracellular fluid within 15--30 min, and electrolytes enter the brain cells within a few hours to rapidly adapt to hypertonic stress. The brain volume normalizes within several days by a slow adaptation process in which organic osmolytes accumulate in the cells (Fig. [2](#ams2555-fig-0002){ref-type="fig"}).[^10^](#ams2555-bib-0010){ref-type="ref"}, [^12^](#ams2555-bib-0012){ref-type="ref"} After initiation of the slow adaptation process, there is risk for cerebral edema to occur due to rapid changes in the brain, as organic osmolytes are not absorbed quickly enough by the brain cells. Thus, a slow reduction in sodium levels is recommended for late‐phase hypernatremia. Using this theory, the aggressive therapy should be considered if the patients' brain cells have not yet started adapting by taking up organic osmolytes.

![Adaptation of brain cells to hypernatremia. In high osmotic pressure, brain cells lose intracellular fluid and shrink in size during the first 15--30 min. To recover in size, cells take up extracellular electrolytes and water within 30--90 min and completely replace their electrolytes with organic osmolytes in a matter of a few hours to days. As organic osmolytes cannot move in and out of cells rapidly, adaptation to the osmotic change in the extracellular fluid is slower. Hence, rapid correction of hypernatremia puts the patient at risk for brain edema (revised from Strange, 1992[^12^](#ams2555-bib-0012){ref-type="ref"}).](AMS2-7-e555-g002){#ams2555-fig-0002}

In our case, although 6--10 h had already passed from the ingestion of soy sauce, the initial brain CT showed brain shrinkage. Hence, it seemed that the patient was still in the early process of adaptation to hypertonic stress. Consequently, we reduced her serum sodium level more rapidly than recommended, which had an unfavorable result.

Several reports describe cases with acute hypernatremia who had a favorable outcome following treatment with the slow sodium correction rate.[^2^](#ams2555-bib-0002){ref-type="ref"}, [^4^](#ams2555-bib-0004){ref-type="ref"}, [^6^](#ams2555-bib-0006){ref-type="ref"}, [^7^](#ams2555-bib-0007){ref-type="ref"} In light of these findings, aggressive therapy should not be considered for all cases presenting with salt intoxication. In those cases where organic osmolytes have already started accumulating in the brain cells to adapt to hypertonic stress, a more cautious procedure should be selected to correct hypernatremia, that is, using the slow rate sodium correction method. Although it is difficult to estimate the peak time of sodium concentration after salt ingestion, aggressive therapy should only be considered within a few hours from salt ingestion, and 2--3 h could be one of the criteria, as was the case for the limited number of patients with reported salt poisonings.

CONCLUSION {#ams2555-sec-0007}
==========

We witnessed a case of lethal hypernatremia as a result of massive ingestion of seasoning soy sauce, even after we used aggressive rapid correction of serum sodium concentration. The limitation of this discussion is that the number of cases of salt intoxication is too small to estimate the best management of acute and late‐phase reactions. Nevertheless, with limited experience, we conclude that such aggressive therapy should only be considered in a few hours from ingestion, and 2--3 h could be one of the criteria.
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